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The modern atmospheric observation and literatural historical drought-flood records were used to extract the inter-decadal signals 
of dry-wet modes in eastern China and reveal the possible relationship of global and China temperature changes associated with 
the East Asian summer monsoon advances. A climate pattern of “wet-north and dry-south” in eastern China and cool period in 
China and globe are associated with the strong summer monsoon that can advance further to the northernmost part in the East 
Asian monsoon region. On the contrary, a climate pattern of “dry-north and wet-south” in eastern China and a warm period in 
China and globe are associated with the weaker summer monsoon that only reaches the southern part in the region. An inter-  
decadal oscillation with the timescale about 60 years was found dominating in both the dry-wet mode index series of the East 
Asian summer monsoon and the global temperature series after the secular climate states and long-term trend over inter-centennial 
timescales have been removed.  
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The global-mean temperature for the last hundred years was 
proposed as a main index for climate change published in 
IPCC Reports since 1990. The rising rates of the global- 
mean temperatures during the last hundred years were about 
0.45, 0.45, 0.60 and 0.74°C as reported from the four dif-
ferent IPCC Reports, respectively [1]. During the global 
cool period in 1950−1970, studies focused on how the glob-
al climate will become cooler [2]. In that cool period, 
Broecher [3] was one of the earliest scientists who were 
concerned that global warming may appear. Since the 1980s, 
the global warming has become a hotter topic in the re-
search of climate change along with the increasing in glob-
al-mean temperature [4]. 
The global-mean temperature and its change are derived 
by summing from all the continents and oceans in the world. 
The temperature change in China is also the key content in 
the “China’s National Assessment Report on Climate 
Change” [5]. Global temperature change has not only the 
warm and cool periods of temporal variation, but also the 
regional spatial distributions. East China is a typical mon-
soon area. In the East Asian region, the climate prevails by 
the cold-dry westerly airflow in winter while warm-wet 
southerly airflow in summer, so that an annual cycle of 
monsoon climate forms. Besides, both the local intensities 
and extent of northward advances of the East Asian summer 
monsoon (EASM) show noticeable inter-annual and inter- 
decadal variations. Such variability of EASM is related to 
that of the precipitation and temperature in China, for ex-
ample, recent study indicated the inverse correlation be-
tween the numbers of rainy days and hot days on the inter- 
annual and inter-decadal timescales [6]. Therefore, two cli-
mate issues need to be further explained. Firstly, how the 
intensities of monsoon are related to summer and annual 
mean precipitation and temperature in different regions in 
China. Secondly, what are the relationships between sum-
mer rainfall/temperature variations and the summer mon-
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soon intensities at the inter-decadal timescale? The modern 
atmospheric observations and historical drought-flood rec-
ords are used to answer above two questions in this study. 
1  Data and methods 
Five datasets with different analysis methods were used in 
study. The first is the US Climate Prediction Center (CPC) 
Merged Analysis of Precipitation (CMAP) and it is derived 
from http://www.esrl.noaa.gov/psd/, during 1979–2007 with 
spatial resolution of 2.5° grids [7]. The CMAP data is used 
to identify the dry-wet seasonal alternation areas in the 
Eastern Hemisphere. 
The second dataset derived from Beijing Climate Center 
(BCC) is the observation of the precipitation at 160 stations 
for 1951−2008. The spatial distribution of precipitation 
percentages and dry-wet patterns are obtained. In addition, 
four long-term series of summer/annual precipitation and 
temperature for about a century are derived from the Beijing 
and Macao stations. The local phase relationships for the 
summer and annual precipitations (and temperature) be-
tween South China and North China can be identified from 
the inter-decadal timescale using above observations. 
The third dataset is the monthly winds and specific humid-
ity [8], derived from the website of NCEP/NCAR (http:// 
www.esrl.noaa.gov/psd/data/gridded), with the grids of 2.5 
degrees from 1948 to 2008. The monthly vertical-weighted 
specific humidity q and moisture transport at each grid over 
the lower troposphere (1000, 925, 850, 700, 600 and 500 
hPa) are calculated [9] to examine the inter-decadal varia-
tion of moisture transport over the Eastern Hemisphere. 
The fourth dataset is the dry-wet modes constructed by 
Wang [10] based on the local governmental literature that 
described the summer (May to September) climate with five 
grades of very dry (drought), dry, normal, wet and very wet 
(flood) over eastern China in the historical period from AD 
950 to 1980. By Combining the Wang’s millennial dry-wet 
modes and the spatial distributions of summer precipitation 
percentages in eastern China for 1951–2008, a dry-wet 
mode (DWM) index series from AD 950 to 2008 was re-
constructed in our previous study [11]. The signals of inter- 
annual, decadal and inter-decadal timescale variations can 
be detected from the time series but the centennial timescale 
variation cannot be trusted since literatures described by 
people from different generations.  
The fifth type of data is the China annual-mean tempera-
ture in the last century [12] and the global-mean tempera-
ture based on the Mann’s series reconstructed for the past 
two millennia [13], including temperature change in decadal, 
inter-decadal and centennial timescales. In the Mann’s se-
ries, two long-term mean climate states were detected, 
namely the Medieval Warm Period (MWP) and Little Ice 
Age (LIA), and a long-term trend, the recent Global Warm-
ing Period (GWP). Two turning time points separated three 
long-term periods can be determined at the 1440s and the 
1840s [14]. The climate state temperatures dropped 0.24°C 
from the MWP to LIA periods. During the recent GWP for 
1850–2008, the global-mean temperature rose 0.44°C per 
century. What caused the climate change may be different 
from various timescales. In order to analyze the relationship 
between the global-mean temperature change and the dry- 
wet mode variation in eastern China, two long-term climate 
states from the MWP and LIA and a long-term trend for the 
period of the GWP have been removed [14]. After removing 
climate states and the long-term trend, a temperature anom-
aly series was derived and used to find its decadal and inter- 
decadal signals.  
2  Dry-wet variations in the subtropical  
monsoon region 
The monsoon research has a long history, but the identifica-
tion of global monsoon regions has not. In the 1970s, mon-
soon area was identified by the reversal of surface wind 
directions with seasons [15]. In the 1980s, Webster [16] 
proposed a monsoon definition by which monsoon regions 
should experience not only the seasonal reversal of wind 
direction, but also the seasonal dry-wet alternation. Six 
monsoon regions in the globe have been identified accord-
ing to such definition [16]. During the period from 2000 to 
2002, considering the seasonal reversal of wind directions, 
dry-wet alternation and crossing-equatorial airflow, Qian et 
al. [17,18] proposed a definition that the monsoon is a sea-
sonal polarward expansion of tropical water vapor centers 
driven by the crossing-equatorial airflow. Finally, they 
gained a map of the global monsoon regions. At the same 
time, Trenberth et al. [19] proposed the global monsoon as 
the large-scale overturning of atmosphere circulation with 
the season. After that, Li and Zeng [20] proposed another 
global monsoon definition with an index of the dynamical 
normalized seasonality based on the wind seasonal varia-
tions. 
Seasonally, two characteristic time points were found in 
the pentads 8 and 44 at which zonal-averaged atmospheric 
variables at the 850 hPa level, including meridional and 
zonal winds, geopotential height, temperature and precipita-
tion, reaches climate maxima of the annual cycle [21]. At 
the pentad 8 (or 44), all variables reach their maximum in 
the Southern (or Northern) Hemisphere, which is one month 
later than the time when sunlight irradiate directly on the 
tropic of Capricorn (Cancer). 
Using the CMAP precipitation, dry-wet alternation be-
tween the pentads 8 and 44 in the Eastern Hemisphere is 
plotted in Figure 1. In the Northern Hemisphere, these al-
ternation regions have experienced the climate precipitation 
from less than 4 mm/d in the pentad 8 to more than 4 mm/d 
in the pentad 44 and reversed change has been observed in 
the Southern Hemisphere [22]. Along the equatorial zone  
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Figure 1  Monsoon region identified by dry-wet alternation in the Eastern 
Hemisphere. The heavy solid line covers the region with the climate daily- 
mean precipitation more (less) than 4 mm/d at the pentad 44 and less (more) 
than 4 mm/d at the pentad 8 in the Northern (Southern) Hemisphere, shad-
ing areas indicate the difference of precipitation (mm/d) between the pen-
tads 44 and 8. 
(10°S-10°N), the climate daily-mean precipitation is always 
more than 4 mm/d so that the equatorial zone is covered by 
water vapor all the year without dry-wet alternation. In the 
subtropical regions over the two hemispheres, the solid lines 
cover the seasonal dry-wet alteration regions to which the 
summer monsoon airflows convey the water vapor at the 
lower troposphere from the tropical zone. The largest area 
of dry-wet alternation along south-north orientation exists in 
the region between Asia and Northwest Pacific. The north-
ern part of South China Sea and eastern China are located in 
the region of dry-wet alternation as in East Asia. A mon-
soon marginal zone is defined as the area where the mon-
soon prevails only in some years, but not every year. In 
Asia, the north marginal zone of dry-wet alternation is ori-
ented eastward from the north part of India to Southwest 
China, and further to North China and Northeast China. 
Besides, another marginal-north zone of dry-wet alternation 
is located in the tropical North Africa.  
Climate average precipitation and standard deviation in 
summer (May to September) are calculated by using every 
one of total 160 stations data in China for 1951–2008. For 
each station and each year, the dry-wet grade from 1 to 5 
was determined by the summer precipitation departure [11]. 
The grades 1–2 indicate the positive departures, the grades 
4–5 indicate the negative departures and grade 3 means the 
normal precipitation in the summer. Six dry-wet modes 
(DWM thereafter) of spatial distribution were determined 
from the summer precipitation grades in eastern China [11], 
and each of years from 1951 to 2008 has been classified 
into one of the six modes. Six modes include precipitation 
departures of the (1) below normal in the whole eastern 
China, (2) below normal in northern China and above nor-
mal in southern China, (3) above normal over the Yangtze 
River basin and below normal in South and North China,  
(4) above normal over the whole eastern China, (5) above 
normal in northern China and below normal in southern 
China, and (6) below normal over the Yangtze River and 
above normal in South and North China, respectively. Three 
precipitation patterns used in National Climate Center and 
the dipole/tri-pole patterns investigated by Ding et al. [23] 
can also be noted in the above dry-wet modes. Considering 
the close relationship between East Asian summer monsoon 
and precipitation in East China, the values of the above six 
modes can be treated as an index of East Asian summer 
monsoon (EASM). Recent research [11] has already indi-
cated that the DWM index well reflect the spatial character-
istic of precipitation in East China, with a reversal phase 
existing between the northern and southern China. In con-
trast, the other EASM indices mainly reflect the variability 
and characteristics of precipitation in the Yangtze River 
valley alone. As one of EASM indices, the DWM index can 
represent the intensity and northward advance of EASM. 
The high value period of DWM index means that the EASM 
airflow can convey more moisture to the northern China and 
enhance more local precipitation in there, while the low 
value period of DWM index is correspond to the less pre-
cipitation in northern and more precipitation in southern 
China.   
From 1951 to 2008, the DWM index has a trend of 
long-term decreasing with a dry tendency in northern China 
and a wet tendency in southern China [11]. After removing 
the long-term trend, the variations of DWM index at in-
ter-annual, decadal, and inter-decadal timescales can be 
observed. At the inter-decadal timescale, two periods of 
1956–1966 and 1992–2002 are chosen as typical decades 
with averaged DWM index values of 4.18 and 2.36, respec-
tively. The composites of summer precipitation percentages 
in two periods were shown in reference [11]. For the period 
of 1956-1966, more precipitation occurred from Southwest 
China to North China and Northeast China, i.e. along the 
northern marginal zone of dry-wet alternation as shown in 
Figure 1, while less precipitation occurred over the south of 
mid-low Yangtze River. For the period of 1992–2002, the 
anomalous distribution of summer precipitation with the 
“dry-north and wet-south” pattern was just opposite to the 
first period [24].  
Every year, the dry-wet modes are determined by the 
strength of the southerly monsoon airflow or moisture 
transport. Because of this relationship, the effects of large- 
scale circulation can be identified by the dry-wet modes. 
Moisture transport from the lower troposphere based on the 
monthly winds and specific humidity at the levels of 1000, 
925, 850, 700, 600 and 500 hPa and at 2.5 by 2.5 latitude- 
longitude grids were calculated [9,11]. Each of six dry-wet 
modes can be explained by the composite moisture transport. 
In this paper, Figure 2 shows the composites of low-tropo- 
sphere moisture transports averaged from the surface to 500 
hPa for two periods of 1956–1966 and 1992–2002 in sum-
mer. During the decade of “north-wet and south-dry” 
(“north-dry and south-wet”) pattern of summer precipitation 
in eastern China, stronger (weaker) southwesterly airflow 
with more (less) moisture transports cover large part of  
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Figure 2  Composites of low-troposphere moisture transports from the 
surface to 500 hPa based on two decades (a) 1956–1966 and (b) 1992– 
2002. Vectors indicate the direction of moisture transports, heavy and light 
shades indicate that moisture transports are greater than 60000 and 30000  
g m−1 s−1, respectively. 
China and northwest Pacific region. It is clear to note that 
more moisture transports can be found along the northern 
marginal zone of dry-wet alternation from Southwest China 
to North China and Northeast China for the decade 1956– 
1966 as comparison to the decade of 1992–2002. The in-
ter-annual and inter-decadal variations of moisture trans-
ports in their intensity and location are extensively located 
along the northern marginal activity zone in northern China 
[25]. In Figure 2, strong moisture transport can be found 
over South Asia and North China so that it can well explain 
the consistence between summer precipitation anomalies in 
India and North China [26]. Their differences, however, are 
that the former reflects tropical monsoon intensity while the 
latter denotes the extent change of EASM advances.  
3  Temperature and precipitation in the  
subtropical region 
In order to examine the relationships among the moisture 
transport, precipitation and temperature in the EASM region 
in a more actual way and from longer time span, observa-
tional data in China are also used. Figure 3 shows the series 
of summer (JJA) and annual-mean precipitation as well as 
temperature at the stations of Beijing and Macao in the last 
century. To analyze the inter-decadal variation, the long- 
term trends have been removed from the series and then the 
high frequency variation have also been filtered out from 
the departure series using 9-points running averages. The 
two stations are located in the region of East Asian summer  
 
Figure 3  Summer (JJA) precipitation departures (heavy solid line), an-
nual-mean precipitation departures (point line), summer (JJA) temperature 
departures (heavy dashed line), and annual-mean temperature departures 
(light dashed line) at (a) the Beijing station for 1940–2010 and (b) the 
Macao station for 1901–2010 after their long-term trends removed and 
interannual variability removed by 9-point running average (unit: °C). 
monsoon, because the Beijing station (116.46°E, 39.92°N) 
is near its northern marginal zone and the Macao station 
(113.5°E, 22.2°N) in its southern part. It is clearly found 
from the time series that the summer precipitation and 
summer temperature variations at the inter-decadal time-
scale at Beijing as a station in the northern marginal zone of 
subtropical monsoon can well represent annual-mean ones. 
The summer precipitation and summer temperature varia-
tions at the inter-decadal time scale at the Macao station is 
also consistent with annual-mean ones, only except during 
1970–1980 when the summer precipitation and summer 
temperature lead annual-mean ones in their phases. Some 
features can be noted from these curves in that they all have 
inter-decadal variations and the precipitation has an oppo-
site phase relation with temperature at the same station, i.e. 
more (less) precipitation accompanying with low (high) 
temperature. In Figure 3, the amplitude of the Beijing tem-
perature variation at the inter-decadal timescale is about 2°C 
while the amplitude of the Macao temperature variation is 
near 0.7°C, so that the amplitude of temperature variations 
in northern China is about 3 times larger than that in south-
ern China. It can be inferred that in China as a whole the 
larger contribution of temperature variations at the inter- 
decadal timescale comes from the ones in northern China. 
As early as the twentieth century, a complete observation 
was lacking at the Beijing station. Therefore, we focus on 
the analysis of temperature and precipitation variations at 
the inter-decadal timescale for the Beijing station since 
1940. A out-of-phase correspondence between the tempera-
ture and precipitation can be observed that less summer or 
annual-mean precipitation was accompanied with higher 
summer or annual-mean temperature in the 1940s and in 
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recent decade, more summer or annual-mean precipitation 
was accompanied with lower summer or annual-mean tem-
perature in the 1950s, and lower summer or annual-mean 
temperature was accompanied with more summer precipita-
tion and near normal annual-mean precipitation in the 1970s. 
Due to limit of short period of this observational series in 
Beijing station, the phase relationship of variations between 
temperature and precipitation was analyzed instead of the 
calculation of their correlation.    
Observation of temperature and precipitation can be de-
rived from the Macao station for the last century. The more 
summer or annual-mean precipitation accompanied with 
lower summer or annual-mean temperature is observed in 
the 1910s, 1940s and near the year 1970 while the less 
summer or annual-mean precipitation accompanied with 
higher summer or annual-mean temperature is observed 
near the years of 1930 and 1960 and the decade of 1980s. 
The correlation coefficient between the summer precipita-
tion and summer temperature is −0.54 for the original series 
and −0.56 for the series of 9-point running average. Both 
have reached the 0.01 significance levels. After filtering out 
high frequency variations by 9-point running average, their 
correlation values between annual-mean precipitation and 
annual-mean temperature, summer precipitation and annual- 
mean precipitation, summer temperature and annual-mean 
temperature, are −0.67, 0.52 and 0.51, respectively . 
All the facts mentioned above indicate that monsoon ad-
vance, temperature and precipitation variations as well as 
their interaction should be considered to better understand 
the climate change in subtropical monsoon regions. At the 
long-term change, the Beijing precipitation had a decreasing 
trend since the 1950s but the long-term trend is not clear in 
the Macao precipitation series. Dry and wet differences be-
tween northern and southern China in the monsoon region 
can be indicated by above normal precipitation at Beijing 
and below normal precipitation at Macao in the 1940s, and 
below normal precipitation at Beijing and above normal 
precipitation at Macao from the 1950s to the early 1960s. 
Other three periods with the opposite phase relations can be 
found near the years of 1970, 1990 and 2000. At the inter- 
decadal timescale, the variations of summer monsoon pre-
cipitation in northern China and southern China are basi-
cally opposite in phases while another opposite phase rela-
tionship exists between local temperature and precipitation. 
Two periods of 1951–1966 and 1992–2002 chosen in 
Figure 2 show the opposite phase inter-decadal variations of 
precipitation and temperature as indicated by local records 
of Beijing and Macao in Figure 3. A scheme can be de-
scribed: stronger (weaker) monsoon airflow from tropical 
Indian Ocean, more (less) moisture transport reaching nor- 
thern China, above (below) normal precipitation in northern 
China, below (above) normal precipitation in southern Chi-
na, below (above) normal temperature in northern China, 
above (below) normal temperature in southern China. 
4  Monsoon advance and temperature variation 
The relationships among precipitation, temperature, mon-
soon advance, and moisture transport have been revealed 
for local climate of Beijing and Macao in section 3. Now, 
we can further examine the changes in the East Asian mon-
soon advance, the China annual-mean temperature and the 
global-mean temperature from the inter-decadal timescale. 
Figure 4 shows the relationship between the China annual- 
mean temperature series [12] and the summer monsoon 
DWM index series [11] in the recent century. Since 1880, 
the DWM index series in eastern China (or East Asian) 
monsoon region experienced a long-term decreasing trend, 
so it implies that the moisture transport coming from tropi-
cal Indian Ocean and precipitation in northern China have 
been reduced, and the annual-mean temperature in the 
whole China has increased. In the last century, several 
anomalous events of climate oscillations can be clearly ob-
served from the DWM index series and the annual-mean 
temperature series in China. The weakest points in the 
anomaly series of MDW index with the value from −2 to −3 
and high temperature occurred in the late 1920s (Figure 4).  
 
 
Figure 4  The dry-wet mode index series in eastern China derived from the 7-point (thin solid line) and 21-point (thick solid line) running averages, China 
annual-mean temperature series (thin dashed line) and its low frequency signal derived from the 7-point running average (thick dashed line, unit: °C) from 
1880 to 2005. 
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In that period, the severe dry climate event leading to locust 
swarms caused widespread crop failure and persistent fam-
ine in northern China [27]. In the 1990s, the low value in 
DWM index series and relative high temperature (warm 
period) resulted in long-term low runoff in the Yellow River 
and persistent dry climate in northern China. In the late 
1930 to 1940s, another warm period was also accompanied 
with sustained low value in DWM index series. An internal 
connection between the extent of summer monsoon advance 
in eastern China and the annual-mean temperature of China 
at the long-term trend and inter-decadal timescale can be 
found in Figure 4. A corresponding relationship can be 
clearly presented that the China annual-mean temperature’s 
decrease/increase depends on whether the summer monsoon 
northward advance can reach the northern marginal zone in 
China or not. As seen in Figure 4, an oscillation with the 
timescale of about 60 years from the DWM index series 
existed by high value periods in 1880–1920 and 1945–1980, 
and low value periods in 1920–1945 and since 1980, re-
spectively. Also as seen in Figure 4 by the dashed line, an 
oscillation with the timescale of about 60 years from the 
China annual-mean temperature series existed by cold peri-
ods in 1880–1920 and 1953–1980, and warm periods in 
1920–1950 and since 1985, respectively. At the 60-year 
timescale, the opposite phase relation of their oscillations is 
clearly seen by comparison between the monsoon DWM 
index series and the China annual-mean temperature series. 
At the decadal timescale, however, their variation phases 
are not always opposite, such as in the decade near the year 
1970, so that the climate change in the decadal timescale 
may be complex [28]. 
As a discussion, Figure 5 shows the comparison between 
the millennial DWM index series in eastern China [11] and 
the global-mean temperature [14] at the inter-decadal time-
scale. The larger value of DWM index series in Figure 5(a) 
indicates that above-normal precipitation occurred in northern  
  
 
Figure 5  (a) Dry-wet mode index series by the 7-point (light line) and 
21-point (thick line) running averages; (b) the global-mean temperature 
(gray line) and its 21-points running average series (thick line) after re-
moving the centennial-scale trend and climate states, the dashed arrows 
connect the fluctuations between two curves. 
China is accompanied with the summer monsoon airflow 
extending to northern areas in East Asia. In Figure 5(b), the 
inter-decadal variation of the global-mean temperature with 
its amplitude about 0.3°C existed in the millennial series 
after removing its climate states and long-term trend. In the 
last millennia, an opposite phase oscillation between the 
two series of global-mean temperature and the DWM index 
series existed at the inter-decadal timescale. Two series 
have a correlation coefficient of −0.11, reaching the 0.01 
significant levels. In Figure 5, the arrows connect the cor-
responding pairs of high values of DWM index series and 
the low values of the global-mean temperature series. There 
are at least 16 fluctuations from two series in the last mil-
lennia. At a period when the summer monsoon advance 
further north than normal, the global-mean temperature is 
lower than normal except for some cases with a phase shift. 
The strongest cold period at the inter-decadal timescale oc-
curred near the years 1900 and 1960 in the recent 200 years 
when the summer monsoon further northward advance was 
about 10 years earlier than the global-mean temperature 
variation. In the last 50 years, the extent of East Asian 
summer monsoon has withdrawn southward and accompa-
nied with the rising global-mean temperature. 
Recently, a conclusion made by Ge et al. [29] with their 
study on the China climate change in the last 2000 year in-
dicated that the “dry-north and wet-south” is main pattern of 
precipitation in eastern China under the warm climate state. 
The opposite phase relationships of the oscillations were 
revealed among the DWM index series, the China annual- 
mean temperature and the global-mean temperature at the 
inter-decadal timescale. The relationships obtained have not 
distinguished by the various climate states but those warm- 
cold climate states have been removed from the global- 
mean temperature series. It is needed to further study their 
climate pairs such as cold-dry, cold-wet, warm-dry and 
warm-wet patterns.  
5  Discussion and conclusion 
This paper comprehensively applied the modern atmos-
pheric observations and historical literatural records to ex-
tract the inter-decadal signal of summer monsoon dry-wet 
modes in eastern China and revealed the oscillation phase 
relationships among the extent of summer monsoon ad-
vance in East Asia, the China annual-mean temperature and 
the global-mean temperature. A main result is that the above 
(below ) normal moisture can reach northern China and the 
anomalous climate pattern named as “wet-north and dry- 
south” (“wet-south and dry-north”) is accompanied in east-
ern China, which is also correspond to below (above) nor-
mal temperature in China and globe at the inter-decadal 
timescale as the summer monsoon advanced more (less) 
northward. 
With the several climate series given in this paper, some 
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possible relationships can be further discussed at inter-  
decadal timescale. 
(1) The relationship between the above (below) normal 
annual-mean temperature in China and the weaker (stronger) 
monsoon airflow in East Asia. The subtropical monsoon in 
East Asia not only has its local (South China, Yangtze River 
and North China) intensity variations but also has its extent 
variations from inter-annual and inter-decadal timescales. 
At the tropical monsoon region, such as in South Asia, the 
strong summer monsoon accompanies local above-normal 
precipitation. In the East Asian subtropical region, however, 
precipitation is caused mainly by the system of monsoon 
trough. Climatologically, after the summer monsoon onset 
in the South China Sea, the subtropical monsoon trough 
advances northward gradually and reaches the monsoon 
marginal zone at about the pentad 44 [30]. In some years or 
decades, the subtropical monsoon trough was stable along 
the Yangtze River and the summer monsoon airflow can 
only reach south edge of northern marginal zone, so that the 
above-normal precipitation could be observed in the Yang-
tze River basin with below-normal precipitation in northern 
part of China, such as during the decade 1992–2002 with 
the below-normal precipitation in northern China and 
above-normal temperature in China. During the decade 
1956–1966, the strong summer monsoon airflow reached 
northern China and accompanied the above-normal precipi-
tation in northern China and below-normal temperature in 
China. The China temperature variation is associated with 
the precipitation distribution and EASM advance. 
(2) The relationship between the heating contrast and 
monsoon intensity. At first, one of the reasons of the mon-
soon airflow formation should be attributed to the heating 
contrast and pressure difference between the adjacent land 
and sea. Under the background of the global warming, the 
warming in the Northern Hemisphere is greater than that in 
the Southern Hemisphere, the warming in the high latitudes 
is greater than that in the low latitudes, and the warming in 
the continent is greater than that over the ocean so that the 
greatest warming should exist in the Eurasian continent and 
the warming tendency is greater in northern China than that 
in the southern China [31]. The question how the above fact 
is related to all indices of the East Asian summer monsoon 
indicates a decreasing trend in the recent decades under the 
present warming climate? The horizontal scale of monsoon 
airflow reach thousands of kilometers and its vertical over-
turning circulations occupy the entire troposphere. The in-
tensity variations of monsoon at inter-annual and inter-  
decadal timescales are just the anomalies in atmospheric 
circulation, which is caused by the adjacent land-sea heating 
contrast. By speculation, we use the anomalies of thermal 
wind to explain the decreasing summer monsoon. In the 
Asian region, anomalous warming in the high latitudes is 
greater than that in the low latitudes so that the anomalous 
thermal wind is easterly which reduce the westerly airflow 
of south Asian summer monsoon. On the other side, warm-
ing tendency is greater in the Asian continent than that in 
the eastern Pacific Ocean, which implies the anomalous 
thermal wind reducing the southerly monsoon airflow in the 
East Asian region. This heating contrast can explain the 
weakening summer monsoon in its intensity and the 
shrunken extent during the EASM seasonal advance.  
(3) The relationship between the DWM index series in 
eastern China and the global-mean temperature at the in-
ter-decadal timescale. The summer DWM index in eastern 
China reflects the expansion of the extent of East Asian 
monsoon. The inter-decadal anomalous warming over the 
Asian continent may explain the decreasing summer mon-
soon intensity in East Asia through the anomalous thermal 
wind. Similarly, the inter-decadal anomalous warming over 
the global high latitudes and continents may also explain the 
decreasing summer monsoon intensity in the globe through 
the anomalous thermal wind. There are six major monsoon 
regions in the world. Whether the other five monsoons also 
weakened in recent decades need to be examined and ana-
lyzed by further studies. 
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